4 Exciton condensate is a Bose-Einstein condensate (BEC) of electron and hole pairs 5 bound by the Coulomb interaction 1,2 . In an electronic double layer (EDL) under 6 strong magnetic fields, filled Landau states in one layer bind with empty states of the 7 other layer to form exciton condensate 3-9 . Here we report exciton condensation in 8 bilayer graphene EDL separated by hexagonal boron nitride (hBN). Driving current 9 in one graphene layer generates a near-quantized Hall voltage in the other layer, 10 signifying coherent exciton transport 4,6 . Owing to the strong Coulomb coupling across 11 the atomically thin dielectric, quantum Hall drag in graphene appears at a 12 temperature ten times higher than previously observed in GaAs EDL. The wide-range 13 tunability of densities and displacement fields enables exploration of a rich phase 14 diagram of BEC across Landau levels with different filling factors and internal 15 quantum degrees of freedom. The observed robust exciton condensation opens up 16 opportunities to investigate various many-body exciton phases. 17 An exciton BEC is formed when a large fraction of excitons occupy the ground 18 state, establishing macroscopic coherence with weak dipolar repulsion 1,3 . However, 19 optically generated excitons have short lifetimes. They can quickly recombine and release a 20 photon, which leads to the annihilation of excitons. By trapping the released photon in an 21 optical cavity, recent studies have shown the BEC of exciton-polaritons, consisting of a 22 superposition of an exciton and a photon 10-13 . Another way to achieve a large density of 23 long-lived excitons is to place electrons and holes in spatially-separated parallel conducting 24
quasi-particles in quantizing orbits [3] [4] [5] [6] [7] [8] [9] . 31 The magnetic-field-induced layer coherence of the EDL can be established in the 32 following way. When a two-dimensional (2D) electron gas of density n is subject to a 33 perpendicular magnetic field B, the kinetic energy of electrons is quantized to discrete 34 Landau levels (LLs). Each LL contains 0 = ℎ degenerate Landau orbits per unit area, 35 where e is electron charge and h is Planck's constant. If all the orbits in a LL are occupied 36 (i.e., the filling factor = 0 ⁄ is an integer), the 2D electron system forms a quantum 37 Hall state. In the EDL, the filling factor of the individual layer can be specified by = respectively. If LLs in both layers are partially filled, i.e., and are non-integer 40 numbers, neither layer can form a quantum Hall state on its own. However, Coulomb 41 repulsion forces the electrons in the two layers to occupy different orbitals in space, leading 42 to spatial anti-correlation between layers. Notably, when the total filling fraction, = 43 + , becomes an integer, the two layers together can form a coherent state in 44 which each filled state (quasi-electron) in one layer correspond to an empty state (quasi- interlayer coherence has yet to be found. In this work, with improved device quality and 75 fabrication technique (see supplementary information (SI)), we demonstrate magnetic-field-76 induced exciton condensation in graphene EDL.
77
Our devices are made of two Bernal stacked bilayer graphene (BLG) sheets 78 separated by 3 nm hBN and encapsulated by two thicker hBN layers (20~30 nm) ( Fig. 1a , ). We observe that each layer exhibits its own quantum Hall (QH) effect. For ≥ 1, . Summing up, we obtain the 124 experimental observation = = ℎ/ 2 with vanishing and . 125 We found that the observed quantized Hall drag in graphene is much more robust and plot them as a function of 1/T at = 1 (SI, Fig. S7 ). While the theoretical 130 expectation for 2D BEC transition is the Kosterlitz-Thouless transition 16,28 , we find that the 131 vanishing and exhibit thermally activating behavior similar to what has been 132 observed in GaAs system 6 . However, the activation gap we obtained (Δ ≈ 8 K) is ten 133 times larger than previous reported (SI, Fig. S7b ).
134
The exciton BEC in graphene is also found to be robust against the density We note that the existence of the exciton BEC at fixed ( , ) sensitively 171 depends on the ( Fig.3 and Fig. S8-10 ). When the density of each layer is kept close to (Fig. 3b, d, Fig. S10a ), we found a close connection between the Hall drag and the LL 179 character of each layer. state is formed between two partially filled bilayer graphene with 0 < , < 1. We 196 found that Hall drag is suppressed when the partially filled LLs of one bilayer graphene or 197 both bilayer graphene are in the N=1 orbital state (shaded regions in Fig. 3c and Fig. S10) .
This also explains the absence of other integer total filling factor states and the broken 199 electron-hole symmetry, as the −1 < < 0 (0 < < 1) LL is polarized in the N=1 (N=0) 200 orbital state under the same displacement field; the latter is capable of forming an exciton 201 BEC while the former is not. We speculate that the inability of the N=1 orbit to establish an 202 interlayer correlated state is due to its broader spatial wavefunction (Fig. 3a right) interlayer bias induces spurious drag signals 36 . In order to prevent the AC interlayer bias, 237 we employ a bridge setup 37 as shown in Fig. S2 . In this scheme, the initial 4 Volts AC 238 voltage is reduced down to 4mV through a voltage divider. Then this 4mV AC voltage is 239 fed into the bridge through a 1:1 ground-isolating transformer. By tuning the variable 240 resistor in the bridge, we can adjust the AC electrical potential in the middle of the drive 241 layer to approximate zero. The 4mV is then converted into ~2nA by passing through two 242 1MOhm resistors in series. This setup also allows us to control the DC interlayer bias .
243
To monitor the drive current, we measure the voltage across one of the two 1MOhm 244 resistors.
245
Data Availability The data that support the plots within this paper and other findings of 246 this study are available from the corresponding author upon reasonable request. 
